Background: Red blood cell transfusions (RBCT) carry risk of transfusion-related immunodulation that may impact postoperative recovery. This study examined the association between perioperative RBCT and short-term postoperative outcomes following gastrectomy for gastric cancer.
A s the second leading cause of cancer-related death worldwide, gastric cancer poses a substantial health care and societal burden. 1 While advances in perioperative chemotherapy and targeted therapy contribute to improving long-term outcomes for gastric cancer, 2, 3 surgery remains the cornerstone of multimodal gastric cancer treatment, with survival contingent on complete resection. 4 Advances in surgical technique and perioperative care have led to 5% perioperative mortality in high-volume centres. 5 Further reduction of surgical mortality and morbidity is still needed to limit their impact on quality of life and to enable patients to take advantage of systemic therapies when available.
Red blood cell transfusions (RBCT) have been associated with an increased risk of postoperative morbidity, perhaps owing to transfusion-related immune modulation. 6, 7 With up to 60% presenting with perioperative anemia, patients undergoing surgery for gastric malignancy are at particular risk for needing RBCT. 8, 9 The current literature looking at the impact of RBCT on gastric cancer surgery is restricted to studies with small sample sizes from individual hospitals. [10] [11] [12] [13] The purpose of the present study was to estimate the effect of RBCT on 30-day postoperative outcomes following elective gastrectomy for gastric cancer using the large multi-institutional American College of Surgeons National Surgical Quality Improvement Program (ACS-NSQIP) data set.
Methods

Study design and population
We conducted a retrospective study using a cohort of patients entered in the ACS-NSQIP registry between Jan. 1, 2007, and Dec. 31, 2012 , who underwent a gastrectomy, defined by Current Procedural Terminology (CPT) codes, and had a postoperative diagnosis of gastric cancer (ICD-9 code 151.x). We excluded patients who were undergoing an emergent operation, who were younger than 18 years, or for whom we were missing data on the following key variables: sex, American Society of Anesthesiologists (ASA) class, preoperative hematocrit level, and baseline cardiovascular comorbidities (cardiac heart failure, myocardial infarction, angina, hypertension). Albeit infrequent, there were sometimes missing values for the following variables: ASA class (< 1%), sex (< 1%), hematocrit (< 7%) and cardiac history (10%). The majority of the missing data pertained to patients treated in more recent years (2011) (2012) . Very few patients treated between 2007 and 2010 were missing data. To understand how this increasing level of missing data over time impacted the results, we completed a sensitivity analysis restricted to patients who were operated during the timeframe with complete data (2007-2010).
Data sources
The ACS-NSQIP database is a multicentre prospective registry designed to evaluate risk-adjusted outcomes of surgical patients. A total of 525 institutions, including both teaching and nonteaching hospitals, participate and are representative of various regions in North America. Variables collected include demographic characteristics, preoperative risk factors, procedural indication and details, and 30-day detailed postoperative morbidity and mortality. Data are collected by trained abstractors and validated for accuracy.
14 The ACS-NSQIP data collection and auditing methods are presented elsewhere. [15] [16] [17] [18] Patients' demographic and clinical characteristics and their treatment details were collected from the gastrectomy admission records in the ACS-NSQIP database. The extent of surgery was defined according to CPT codes, and procedures were subdivided into total gastrectomy (CPT 43620, 43621 and 43622), subtotal gastrectomy (CPT 43631, 43632, 43633 and 43634) and multivisceral resection (CPT 38120, 38102 and 38129 for splenectomy; 44140, 44141 and 44160 for colectomy; 48146, 48145 and 48140 for pancreatectomy; 44121, 44120 and 44125 for enterectomy; 47100, 47120 and 47122 for hepatectomy; and 43124, 43117, 43118, 43101, 43121, 43122 and 43123 for esophagectomy). Cardiac comorbidities were defined as a history of congestive heart failure (in the 30 d before surgery), myocardial infarction (in the 6 mo before surgery), angina (in the 30 d before surgery), or hypertension requiring antihypertensive medication (in the 30 d before surgery). We used the World Health Organization definition of anemia: hematocrit less than 40%. 19 Perioperative RBCT was defined as receiving packed red blood cells (PRBC) intraoperatively or within 72 h postoperatively. 14 A dichotomous transfusion variable was created. None of the patients were missing data on this variable.
Outcomes
Primary outcomes were 30-day mortality and major morbidity. Major morbidity was defined as the occurrence of deep or organ-space surgical site infection (SSI), wound dehiscence, pneumonia, pulmonary embolism, prolonged mechanical ventilation beyond 48 h, unplanned re-intubation, renal failure, sepsis, myocardial infarction, cardiac arrest, or stroke. Postoperative mortality was defined as death within 30 days of the operation.
Secondary outcomes included system-specific 30-day morbidity grouped into infectious events (SSI, pneumonia, urinary tract infection, sepsis, septic shock), cardiac events (myocardial infarction, cardiac arrest), respiratory failure (prolonged mechanical ventilation > 48 h, unplanned reintubation), venous thromboembolic events (pulmonary embolism, deep vein thrombosis), unplanned reoperation as well as hospital length of stay. 14 
Statistical analysis
Comparative statistics between the transfused and nontransfused patients were assessed with independent samples t tests (normally distributed) and Wilcoxon rank sum tests (skewed) for continuous data, and χ 2 tests for categorical data. Categorical data are reported as absolute numbers (n) and proportions (%), and continuous data are reported as means with interquartile ranges (IQR). "Unknown" categor ies were created for missing data.
We used a modified Poisson regression analysis to examine the association between RBCT and common dichotomous outcomes (> 10%), while logistic regression was used for uncommon dichotomous outcomes (≤ 10%). Length of stay values were treated as count data, but since the data were skewed and violated the assumptions of Poisson regression, negative binomial regression was used to measure the association between transfusion and length of stay. We selected covariates a priori based on timing (known preoperatively), clinical relevance (considered when assessing a patient for risk of adverse perioperative events) and existing literature (established relationship with worse surgical outcomes). Variables on the causal pathway were excluded from the multivariate regression in order to estimate the total effect of blood transfusions on worse surgical outcomes. The most parsimonious model was selected to maintain adequate study power. Multivariate analyses were adjusted for the following variables: age, body mass index (BMI; < 20, 20-29, 30-39, ≥ 40, unknown), race, ASA class, preoperative hematocrit values, cardiac comorbidities (a composite variable of hypertension, history of congestive heart failure, angina or myocardial infarction), bleeding disorder, preoperative international normalized ratio (INR; normal, abnormal, unknown), preoperative bilirubin (normal, abnormal, unknown), extent of gastrectomy and surgical procedure (total gastrectomy v. subtotal gastrectomy, and whether or not a multivisceral resection was performed), the year of the operation and operative duration. Results are reported as relative risks (RR) with 95% confidence intervals (CI). All statistical analyses were done using SAS version 9.3 for Windows (SAS Institute Inc.). We considered results to be significant at p < 0.05.
Results
We identified 3243 patients in the cohort, 2884 of whom satisfied inclusion criteria (Fig. 1 ). Of those, 535 (18.6%) received RBCT. Demographic and clinical characteristics are presented in Table 1 . Transfused patients were older (p < 0.001), had a higher ASA class (p < 0.001) and were more likely to have diabetes (p = 0.003), chronic obstructive pulmonary disease (p < 0.001), or a bleeding disorder (p < 0.001) than the nontransfused patients. Transfused patients were also more likely to have a total gastrectomy that included a multivisceral resection ( Table 2 ). The mean operative duration was 30 minutes longer for transfused patients (p < 0.001). The 30-day postoperative outcomes are detailed in Figure 2 . Patients receiving RBCT were more likely to experience 30-day major morbidity (33.8% v. 17.4%, p < 0.001) and had higher mortality (8.4% v. 2.3%, p < 0.001) than patients who did not receive RBCT.
Results of the multivariate analysis are presented in Table 3 . Transfusion was independently associated with Non-cancer diagnosis: n = 3838 < 18 years old: n = 0 Emergency surgery: n = 277 increased 30-day mortality (RR 3.1, 95% CI 1.9-5.0) and major morbidity (RR 1.4, 95% CI 1.2-1.8), after adjusting for baseline and clinical characteristics. Postoperative infections (RR 1.4, 95% CI 1.1-1.6), cardiac events (RR 1.8, 95% CI 1.0-3.2) and respiratory failure (RR 2.3, 95% CI 1.6-3.3) were increased with RBCT, whereas no association was observed for venous thromboembolic events (RR 1.1, 95% CI 0.6-2.1). Patients receiving RBCT were significantly more likely to undergo an unplanned reoperation (RR 1.6, 95% CI 1.1-2.3). After adjustment, patients receiving RBCT had a longer hospital length of stay (RR 1.2, 95%CI 1.1-1.2).
The conclusions of the analyses did not change when the cohort was restricted to the calendar years with the most complete data (2007) (2008) (2009) (2010) .
discussion
Using the ACS-NSQIP data, we present the impact of RBCT on short-term outcomes following resections for gastric cancer. After adjusting for potential confounders, transfusion was associated with a 3-fold increase in the risk of death, and a 1.5-fold increase in the risk of major morbidity. Transfused patients also had a prolonged hospital stay compared with their nontransfused counterparts.
A large proportion of patients undergoing gastrectomy for gastric cancer are anemic from either intraoperative blood loss or low-rate tumour bleeding. 8 Thus, transfusions are common in this patient group, and the effect of transfusion on surgical outcomes is an important issue. Studies of other gastrointestinal surgeries have highlighted the increased morbidity and delayed recovery associated with RBCT, some using the ACS-NSQIP. 20 However, these analyses included a variety of surgical procedures with equally variable transfusion risk and morbidity profiles. Owing to the nature of the disease, high frequency of preoperative anemia and requirement for extensive lymph node dissection, patients with gastric cancer present a specific risk for perioperative transfusion requirement. 8 The evidence regarding RBCT and its impact on gastric cancer surgery specifically remains limited. Most studies to date have focused on the effects of RBCT on long-term oncologic outcomes, reporting worse survival and recurrence patterns for transfused patients. 10, 11 Only 1 study investigated short-term outcomes, reporting an increased overall 30-day morbidity with RBCT (60% v. 14.2%, p = 0.024) for a sample of 588 patients at a single institution. 13 No morbidity details were presented, such that one cannot decipher the type of complications associated with RBCT. 13 Our large multiinstitutional sample size provides strong evidence of the detrimental effects of RBCT on postoperative outcomes for gastric cancer, for both local and systemic complications. Unplanned reoperations were also associated with RBCT, but this could have been due to postoperative bleeding requiring both RBCT and re-interventions.
It is believed that RBCT-induced healing impairment results from transfusion-related immune modulation, which can exacerbate the stress-induced postoperative immunosuppressive state. 10, [21] [22] [23] While the exact underlying mechanism of transfusion-related immune modulation is unclear, several hypotheses have been proposed, such as leukocyte-mediated immmunosuppression in allogeneic blood, 24 ,25 a transfusion-induced reduction in natural killer cells and interleukin-2, and the infusion of incompatible major histocompatibility complex antigens between donor and recipient. In the early postoperative course following gastric cancer resection, the increased infectious and cardiopulmonary complications observed in transfused patients may not be solely related to transfusion-related immune modulation; transfusion-associated circulatory overload, allergic reactions, transfusion-related acute lung injury, hemolytic reactions and graft-versus-host disease also have to be considered. 14, 26 However, the occurrence of these adverse events is well documented and rare enough that they cannot account for all the morbidity excess associated with RBCT that we observed. 7 Therefore, there is a potential for impact of RBCT on postoperative morbidity beyond that of traditional direct transfusion-related adverse reactions.
Postoperative morbidity carries repercussions beyond the immediate surgical recovery period. In addition to prolonging it, the increased complication rate seen following transfusions may hinder the delivery of adjuvant cancer therapy. Evidence from breast, colorectal and pancreatic cancer has shown that delays in receipt of adjuvant therapy negatively impacts disease-free survival, disease-specific survival and overall survival. [27] [28] [29] [30] Given the importance of systemic therapy in gastric cancer survival, minimizing postoperative morbidity in order to get patients, in a timely manner, to their intended oncologic therapy is paramount. 2, 31 We identified RBCT as being associated with increased postoperative morbidity and thus as a potentially modifiable factor that can be addressed to improve gastric cancer outcomes.
Despite evidence and clinical guidelines supporting restrictive strategies for blood transfusions, practices still vary significantly, [32] [33] [34] [35] such that RBCT is still considered an overused treatment. 36, 37 When such gaps between practice and guidelines exist, the most effective strategy to ensure successful changes requires practice-specific data on which to base tailored approaches to knowledge translation. 38 This study provides procedure-specific evidence to do so. Comprehensive transfusion reduction initiatives involving blood conservation consultants, institutional guidelines and the use of alternative transfusion strategies have successfully been implemented. 39, 40 Similar strategies for patients with gastric cancer could be adopted and could also include medical interventions like the use of iron supplementation (alone or in combination with erythropoietin for anemic patients) and antifibrinolytic agents to reduce the need for RBCT. 41, 42 Further research is required to determine whether blood-conserving tactics (with potential ensuing reduction in transfusion rates) would actually translate into improved outcomes in gastric cancer surgery.
While some large retrospective databases risk containing information bias, the ACS-NSQIP registry has repeatedly been shown to provide accurate and valid data. [15] [16] [17] [18] The ACS-NSQIP database lacks cancer-specific variables, which may result in uncontrolled confounding, and this could in turn result in an over-or underestimate of the effect of blood transfusions on perioperative morbidity.
For example, staging data are not collected. Operations in patients with more advanced disease can be technically challenging, potentially increasing the risk for transfusion and postoperative morbidity. While we used and corrected for extent of gastric resection (total v. subtotal gastrectomy, and multivisceral resection) and operative duration as surrogate markers for technical complexity, those variables do not fully account for the potential influence of cancer stage on receipt of RBCT. Refinement of the timing of RBCT into intra-or postoperative could not be obtained with the data available within ACS-NSQIP. While the impact of RBCT on outcomes is unlikely to differ whether it was administered intra-or postoperatively, such information could be useful in tailoring knowledgetranslation efforts to improve adherence to restrictive transfusion guidelines to operating room or postoperative care teams. Finally, potential institutional-level variation in practice and outcomes could not be accounted for in this analysis, since institution and physician information is not available in ACS-NSQIP owing to privacy policies.
Moreover, we acknowledge the challenge of establishing causality in retrospective studies. Ascertaining whether transfusions are the cause of major morbidity directly or whether they are a response to surgical complications is difficult. However, the ACS-NSQIP defines the receipt of perioperative RBCT as occurring within the first 72 h following gastric resection or intraoperatively, thus RBCT administration is likely to have preceded complications. Clinical variables, including hemoglobin level before transfusion, dictating the indication for RBCT were not available. Many factors play a role in the decision to transfuse a patient, and some may contribute to increased morbidity independently of RBCT. Therefore, this analysis could not decipher the indication for individual patients' transfusions and identify the subgroup of patients in which RBCT could have been avoided. Transfused and nontransfused patients differed significantly at baseline, as evidenced in Table 2 , with transfused patients appearing less healthy and therefore at higher risk of postoperative morbidity. To mitigate selection and confounding biases inherent to retrospective studies, we corrected for all known variables associated with RBCT in our robust regression models. In particular, age was included in the multivariate model as a continuous variable in an attempt to account for the increased frequency of transfusion with older age. However, we acknowledge that this does not account for unknown confounders or for residual confounding that may result from potential imperfect measure of comorbidities.
Nevertheless, this study provides results with high external validity, given it is, to our knowledge, the largest and first multi-institutional appraisal of its kind. It provides procedure-specific evidence to raise awareness about the need to minimize use of RBCT when it can be safely avoided for elective gastric cancer resection. Stronger procedurespecific evidence to support change in practice could be obtained with a randomized study design aimed at comparing the impact of a comprehensive blood management strategy focused on restrictive transfusion guidelines compared with traditional practice on postpancreatectomy outcomes.
conclusion
Perioperative RBCT was associated with increased 30-day mortality, major morbidity and hospital length of stay following elective gastrectomies for gastric cancer. This information furthers the rationale to minimize the use of RBCT in surgical patients when it can be safely avoided. Blood conservation strategies to reduce unnecessary transfusions and their detrimental effects on gastric cancer postoperative outcomes are needed and could be examined in future studies.
